these real-world objects that technicians work with; and it is these real-world encounters that have tended to be ignored. 4 Barley and Bechky suggest that the work of technicians is important for many reasons; [B] ecause technicians maintain materials, operate instruments, conduct experiments, and record data, it is often the technician rather than the scientist who presides over science's encounter with the physical work. Failing to understand the technicians' role may, therefore, lead not only to an unrealistic picture of science's labor process but to a misrepresentation of the distribution of scientific knowledge and skill. . . . To ignore the technician's contribution is, therefore, to act as if scientific knowing begins only after scientists have come on the stage . . . . 5 By neglecting the physicality of science, technicians are rendered invisible and become subsumed within the work of scientists, with seemingly little involvement in the production of science. 6 Science and scientific research has long been seen as not only elite, but a specifically male domain. The field of feminist technology studies (FTS) has brought attention to the gender dynamics of technology. 7 This paper advocates the importance of revealing technicians' work, and by acknowledging their work one also finds women technicians standing side by side with men as producers of science. FTS has further revealed 'men's monopoly on technology as a source of their power [and] women's lack of technological skills as an important element in [their] dependence on men'. 8 This study seeks to redress the gender imbalances that have neglected women's physical and technical labour and its role in the production of science. 9 None of the women included here had previous knowledge of laboratory work or any of the requisite techniques and skills. Many reported that they were hired on the basis of typically 'feminine' skills and traits such as sewing and neat handwriting. However, the longer the women remained at their jobs, the more adept they became with the laboratory techniques and devices.
SELECTION OF SUBJECTS
This paper focuses on a subset of a larger project examining the role of medical laboratory technicians, both male and female. Four different types of laboratory (research, teaching, service and industrial) were investigated, and pension clubs, newsletters, staff reunions and word of mouth were all used to locate technicians. By its very nature, this selection technique allowed us to find long-serving staff, and it has not proved possible to find technicians who stayed in laboratory work for only short periods. Some of the women were shy and reticent about being interviewed, and in many instances this was the first time anyone had asked about, or shown an interest in, their working lives. 10 A total of 24 women were interviewed as part of this project, and this paper uses the detailed narratives of 11 women to understand how they came into lab work, how they learned their job, how they perceived and navigated the lab hierarchies, and the extent to which they gained recognition for their work within this traditionally male domain. 11 The women's stories represent two different generations-three were born between 1915 and 1930, and the remaining eight were born between 1931 and 1947. It is interesting to note that a majority (13 of 24) of the women interviewed worked their way up the career ladder to become head technician, chief technician or even district chief technician, with one woman going on to earn a PhD.
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Four different laboratory settings were selected: the National Institute for Medical Research (NIMR), hospitals (including the Radcliffe and Churchill, and Barnet hospitals), Oxford University, and the Wellcome Research Laboratories. Research labs, such as the NIMR, had considerable operational flexibility, and technicians usually worked closely with one or two scientists or within a dedicated research group, although some worked in general research service departments. Technicians within academic laboratories at Oxford University had mixed research and teaching responsibilities while also performing routine equipment maintenance and lab demonstrating. Clinical service labs, such as those at the Barnet and Oxford hospitals, were much more rigid and constrained and technicians mainly performed diagnostic work in pathology and haematology-where the priority was on reliability and consistency rather than innovation. And finally, industrial labs, such as the Wellcome laboratories, were similar to the NIMR research labs but with different management and operational constraints and objectives, in particular with a focus on a final product (however far down the line).
GETTING INTO LABS AND STAYING THERE
In both generational groups, interviewees recalled that limited employment options were available to women after they left school: secretarial, shop work or nursing were popular options. Before 1972 the legal school leaving age was 15 years; in that year it was raised to 16 years. Most of the women interviewed left school between the ages of 15 and 16 years and pursued jobs almost immediately thereafter. Only one of the women pursued postsecondary education, though her plans were thwarted by World War II. The women used a variety of means to secure a job, including their school's career advisor, a newspaper advertisement, and simply learning of the job informally 'through the grapevine'. None of the women intended to become a technician. Rather, it was something that 'they just happened into'.
In general, the tasks that trainee lab technicians were expected to perform were routine and included everything from sweeping the floors and polishing benches, to cataloguing data produced by senior scientists, running assays and making up agents and media for growing cultures. Many of those interviewed boasted that they knew how to pull Pasteur pipettes and make media from scratch, and knew how to mouth pipette-a skill that has now been replaced for health and safety reasons. These skills were a special source of pride. Many of the women, except those who worked in hospital labs, went on to design and run experiments.
One of the oldest and longest-standing female laboratory technicians to be interviewed was Gladys Trim. Gladys, who was born in 1915, began her working career as a technician in 1930. She explained that many young people of her generation had mothers who were widowed during the 1914 -18 war, and she, like so many others, had to take whatever jobs were available in order to contribute to family finances. 12 She started her career in the Veterinary Department at the Wellcome Laboratories, where her weekly wages were 15 shillings. In the early days she did not do technical work but helped other women in the office with the filing and other tasks. Six years into her career at Wellcome, she came to work for a woman scientist, Miss Brown, who was doing her PhD. Gladys helped Miss Brown prepare sera to test diphtheria toxins. To learn how to assist with these tests, she said she learned from the scientist in charge, or one of the other woman White coats and no trousers technicians 'because in those days if anyone got married, girls didn't stay at work, so I took the place of someone who was leaving'. 13 The type of work that Gladys performed became increasingly technical as she learned how to run the tests and experiments for the senior staff. In the following excerpt she recalls working for Miss Brown during the war and how she prevented a small accident from becoming a big disaster:
I remember once setting fire to the blackout curtain. I was working late at night then. . . . Miss Brown and I, were trying a make a part of the compound called propanolone and that had to be small amounts of benzaldehyde and acetaldehyde had to be added to growing yeast. So we were trying out various yeasts, brewers, bakers, and one thing and another, and because it was so toxic you could only add it in very small quantities. We used to take it in turns to come back late in the night, or evening, cycling up a long tree-lined drive without lights. . . . we had to extract part of the solution that we wanted with ether. Well by then we did have electric hotplates, not just Bunsen burners, and I had got a water bath going with the yeast growing in it, with a tiny bypass at the end of the bench, because we had blackout curtains and there must have been a bit of a leak which I hadn't detected, but it went whoosh and up went the curtains. Well I grabbed all the towels, the tea towels and things, and put it out, and that was it, carried on, finished that. 14 What is striking about Gladys's narrative is the matter-of-factness, and nonchalance with which she discusses the highly technical and skilled work that she performed for the senior researchers and scientists. Gladys had slowly worked her way up the career ladder, and despite her lack of formal training and the fact that she was a woman, she was secretly promoted to a higher pay grade and had to pretend that she was being paid weekly like the other women, rather than monthly like all the men. Despite coming into the career unintentionally, Gladys went on to work at the Wellcome Laboratories for more than 42 years and became senior technician; she retired in 1972 to take care of her ailing mother.
Another woman who began her career during World War II had intended to study at university, but was called up for war duty and required to take a job as a Land Girl. Once the war was over, she married but sadly was widowed shortly thereafter. Left without her husband's income, she decided to take up lab work at the Radcliffe Hospital in the early 1950s. Her decision to take that job was by happenstance: she found the job 'simply by going round and asking'. As she explains: 'I went straight into the Radcliffe, because I had tried the university areas, but there weren't any jobs, and the first one offered was in the Radcliffe.' Once a woman secured a position, she was quite often trained on the job by her peers, who were often women. Rarely were the women trained by the scientists themselves. This woman referred to the process of learning how to do her job as 'sitting with Nellie': 'You just simply sat in with someone, watching them do it, and if you are lucky someone will tell you something; if you are not lucky, they don't tell you enough.' 15 Another technician, who also wished to remain anonymous, worked in an Oxford Hospital from 1940 to 1948. Her brother, who was working in the penicillin production labs, told her of the job opening. sign on, I was landed back at home, without a job or anything, and this [ job] happened to be coming up at the school of pathology, they were just starting . . . the idea of doing large-scale production I suppose, or somebody just to do the work of preparing the penicillin, and so that was how they were looking for people, and of course young men really were joining up and so that was how I came to be there. 17 The war impacted on many women by forcing them into jobs and career paths that previously would have been closed to them but opened up in the wake of the departing soldiers, just as had happened during World War I. Another woman (who also wished to remain anonymous) worked at the Radcliffe Hospital. She was born in 1919. She noted:
You see there weren't all the variety of chances for girls, or for anybody, but for girls in particular. You either went into secretarial work or teaching, or nursing, but you couldn't go into nursing until you were 18. Even if you stayed on at school longer to take school cert[ificate] and everything, which I did, you left school at 16 in those days, you didn't go on to 18. . . . Anyway, I went into secretarial work; [it was] all right, but I can't say that I was really sort of impressed, perhaps I had got an idealistic quirk at the back of my mind or something. And I was coming up for 19 and I went to see my headmistress who was quite a famous woman in Oxford in those days.
And I went back to her to ask her if there was anything, and she said, 'Oh no, people come to see me for girls just leaving school, and not later on.' And then oddly enough she rang me . . . it was coincidental really, to say that a professor had rung her . . . he had been appointed to the chair of clinical medicine in Oxford. . . . He wanted someone to train in his laboratory, go and see him, [she said] you see, that's how we were trained in that day. I started training with him in the September of 1938. I was in his department, the Nuffield department of clinical medicine, and I suppose you could call me his personal lab assistant in those days.
Because it was before the war, there was no medical school in Oxford in those days, and the medical school didn't come until the war. The medical school came down with the evacuation. . . . when I started working with him . . . I had no idea what I was going to do, but I started, I had to go to the path lab, the main pathology department for six months to train to do, you see it was haematology that I was going to do, again I didn't know anything like this in those days, what it all meant; [I] learned to do blood transfusions and the whole of those sorts of things. Because in those days there were none of these machines you see, we used to have to count all these things down under a microscope. And I went there for six months, and I was the first girl ever. I mean I didn't sort of think about it at the time, I am sure I didn't, but I realized that I was the only girl. 18 She was working for Professor Leslie Witts and trained with him for six months, after which he wrote a special declaration so she would not be drafted into military service. She eventually left Oxford to take a job closer to her family, returning to Oxford in 1970 to 'pick up where she left off' and worked as the senior haematology technician at Radcliffe hospital until her retirement in 1979. Although she was not expected to innovate but rather to produce consistent results, she none the less worked her way up the career ladder and achieved one of the highest technical posts. 19 The reasons why women got into technician's work were as varied as the means by which they entered it. Regardless of whether the women were guided into the job by their school career adviser or saw an advertisement in a local paper, they had a relatively basic level of education and none had any post-secondary education when they started their career.
White coats and no trousers
Pamela Bradburne started her career at the NIMR in 1961, having seen an advertisement in her local paper for a trainee lab technician at the Common Cold Unit (CCU). She applied, was interviewed, and started work there at the age of 17 years.
Basically the careers people at school, college, whatever, decided I should be a nurse; and everybody said I had to be a nurse, and I didn't want to be a nurse [laughs] . But I did want to be involved, and the job came up in the newspaper, in The Salisbury Times, for a trainee lab technician. So I went along for the interview; and I'll never forget, I met this girl, who was also being interviewed, and she was obnoxious; she said to me, 'Do you know about inoculating eggs and things?' and I said 'No,' because I didn't have a clue about anything. And it turned out that I got the job and she didn't; so you see [laughs] I was very luckyvery, very lucky. 20 Pamela was eventually trained to inoculate eggs and other delicate tasks such as tissue culture. In the next excerpt, she notes her interest with the research that was being conducted, suggesting that she was not simply a 'trained hand' but, rather, came to engage with the research that she was helping the scientists conduct.
Basically you were trained on the job. You were shown how to do tissue cultures; we did lots of tissue cultures, HELA cells . . . all sorts of cells. We learned how to inoculate eggs, because we did a lot of influenza work at the Common Cold Unit; I worked for a Dr Buckland when I first went there. . . . everybody did basic things, like the tissue cultures which everybody used. We had a washing-up lady who did all the washing-up; we had another lady who did all the sterilizing; and we were expected if they were ill or particularly busy, we had to help. Part of the job was to go round to the volunteerswhich I used to love: it fascinated me, that part. Then we worked specifically with one person, so you followed their research in a way. 21 Pamela never ran an experiment of her own, although she did recall that doctors would often come to her and ask her whether she could create the equipment which would make the experiment work.
I remember doing some work; . . . somebody had published some work on . . . some eggshell techniques, and I was literally given the paper and said, 'Can you make this work?' So yes; in a way, yes we did [work on our own initiative] but it was under somebody else's control. I mean you had a free hand to make it work, but it was only so that you made it work, so we could then use it in the research which was being done. . . .
But we did go to seminars and things. We were expected to go as technicians. I mean, you know, we had internal seminars, where perhaps, you know, the PhDs would talk about a project they were doing. And in some ways it was rather good because you were aware of the work that was going on with other people.
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In these seminars she learned about the science that guided her work. Pamela eventually stopped working as a technician because of her husband's career moves and the birth of their son.
Nesta Jones began her career as a lab technician at the Royal Alexandra Hospital in 1952 at the age of 18 years, during what she describes as 'fairly early in the days of the NHS [National Health Service]'. Although she enjoyed science at school, she failed to complete her sixthform science course, which prevented her from going to university. She decided to get a job as a technician after hearing of someone in her sixth form who had gone to work in a public health lab. 'I can't remember whether I applied for a job, or whether I just wrote to a lab to see if there were any vacancies; . . . I think there must have been an advert in the paper, in Rhyl in North Wales. ' 23 She said that the hospital lab where she first worked in 1952 was fairly rudimentary: 'They [the NHS] were really just getting going in 1952 and only really just getting themselves established.' The lab was so new that she was the first trainee they employed. 'I don't think they knew quite what to do with me!' The lab consisted of two other members of staff-men in their twenties, who were also in junior technicians' roles like hers. Her training was also very casual:
In some ways it was all very informal-I mean someone showed you how to do something and demonstrated it, and perhaps watched you do it once or twice to make sure you knew what to do; and then you were pretty much left on your own to get on and do things. 24 Women often had to be self-starters and had to learn quickly to keep up. One of the ways in which technicians could advance their careers was to take training from the Institute of Medical Laboratory Technology. Nesta eventually underwent this training and moved to the Radcliffe Hospital in Oxford in 1960, as a laboratory technician. 25 By the time she left in 1997 she had worked her way up to become chief technician.
Although the women may have worked their way up the career ladder, they were not hired on the basis of their knowledge of the equipment or techniques. Some of the women recalled being hired as a result of their 'natural aptitude' for manual skills, suggesting that the scientists who hired them saw technician's work as craft rather than knowledge-based. Gill Ostler, who worked at the NIMR for 40 years, from 1954 to 1994, recalled how she got the job: you worked on very small samples; you had to be very careful. And I think Dr Walker's idea was that girls were careful, boys were careless; girls were neat and tidy. And one of the girls who applied for a job that I applied for made tiny, weenie animals out of material. And Dr Walker was very impressed with this-he offered her the job. She decided not to come to the Institute, for whatever reason . . . but he offered her the job on the basis that she made these tiny, furry animals and therefore she had tiny, neat, little hands. You had to be a very neat person. You look at their writing: if they've got neat writing, and if they've got a neat appearance, you know they're going to be tidy and neat. You had to be so accurate. You just couldn't cut corners. 26 Roneen Hobbs finished school in 1949 at the age of 17 years; she went on to study for two years at art school and took menial jobs such as calculating the hours on the clock cards in a local factory, and sounding the hooter at the start and end of the work day. Unsatisfied with this work, she continued to look for a more satisfying job and eventually saw an advertisement for a technical assistant in the Oxford Mail. She applied, had an interview and was offered the job. At the age of 19 years she worked as the sole technical assistant to Dr Harold Burns in the Pharmacology Department at the University of Oxford from early 1952 until 1959. She noted that the key characteristics that helped her get the job were the fact that she went to art school and could sew. She elaborated: you had to be quite nimble with your fingers. . . . So that was how I started as a technician. I knew nothing about anything. I mean in science, we had a school certificate when I was at school, and I had failed general science, I was not scientifically minded at all. But it was the curiosity and the need to find out. I was taken on to do a job for assays and it was this White coats and no trousers 31 unknown commodity, this unknown result, that had to be found and you had to be accurate and neat and I just knew I liked the job and stayed there, and stayed there and stayed there. 27 Roneen eventually left for the USA in 1959 and got another lab job there. Upon returning to the UK, she took up a technician's job at the Churchill Hospital and she worked there from 1975 to 1992.
ACKNOWLEDGEMENTS AND RECOGNITION
It was not normally expected that technicians would be given authorship or formal credit for their work, although there were signs that this changed over time. The most acknowledgement a technician could expect to receive was a 'thank you' in the acknowledgements at the end of the paper or article. 28 When questioned about whether she ever received any formal acknowledgement of her contributions to the lab, Roneen Hobbs noted with a hint of irony;
We usually got a 'Thank you' at the bottom. Or, occasionally we got added on to the top if we'd done a lot of work or, you know . . . when they do papers, and they have about six authors on the top, sometimes the technician got tagged on as number six. [Laughter.] They'd [the technician had] done all the donkey work and had perfected some practical technique from nought right through. 29 A woman who worked at the NIMR noted that by the 1970s all people who worked on a project would get their name at the top of the publication. This led to a long list of names printed in alphabetical order. The lack of authorship was interpreted as a lack of recognition for their contributions to the work, but as previously noted, once a woman worked in a post for a period of time, she did more than mindless 'donkey' work. She was thinking creatively about the experiments and engaging with the intellectual work being performed, and she was being expected to produce repeatable, reliable results. The feeling that the work of technicians was being usurped by more senior people was made clear by Jenny Fox. Jenny worked as a laboratory technician at the Wellcome Laboratories from 1963 to 1992. During her time there, she was often asked to teach the incoming PhD students how to conduct certain experiments. Her experience resonated with many women's experience of working in a lab-that she knew more than the scientific staff; she was teaching them, not the other way around:
I feel that, like a lot of technicians I am sure this is true, we frequently felt we were much brighter than the graduates that came in, and the PhD students that came in. But I think it was because I think basically we had a lot of technical ability and it was always difficult trying to train a graduate to do something. You know it really was quite galling at times. But anyone going into a new job would have to learn something new. But I do feel that probably the contribution of technicians was underplayed or undervalued, because I think as you worked you thought about the work, and you had ideas, and you tinkered around with things, which is what scientists do. But I think you rarely got credit for that, and I think you will probably find that that was across the board, I don't think that's just a personal thing for me, I think that's how it was. But I think that at the beginning somehow it didn't matter quite so much. Although there was a hierarchy, there seemed to be much more of a commitment to the work, whereas as time went on, and I don't think it was just because you were more junior, I think it did go. . . . There seemed to be more collaboration between departments when I was first there, but later people were more protective of information, people were much more concerned about publishing and getting their name. The whole atmosphere changed.
Perhaps Jenny had a right to feel aggrieved. While at the Wellcome she made an extremely important contribution to her lab, and to medicine in general. While testing the cardiac drug digoxin she discovered dangerously high drug levels in one particular batch:
We were doing immunoassays for digoxin . . . and we had just done a routine bio-availability study with digoxin, and I think I did three different drugs, batches, and one of them was just, well, I tested it three times, I kept being told that I had done something wrong. And I said, 'I am sorry, these are the results.' It was horrendous, because they were high levels, and the therapeutic/toxic range is very narrow, . . . and at Dartford they had actually changed one of the components and it had affected bio-availability and it was all in the news: they had to recall all the digoxin and from Europe, and it was all down to me, which was nice. Well, it wasn't because it took a long time. Even then one had the sense that, 'You are a technician and I am a doctor, it must be you. It can't be anything else.' 31 Despite being the one to raise the alarm, Jenny never received any formal recognition of her contribution. The interviews were rife with such sentiments, and in fact very few, if any, of the women technicians formally received acknowledgement for their contributions to the scientific outputs of their labs.
The hierarchies of the labs were very rigid before the 1960s, but that did not stop technicians from trying to subvert the power structures. Gill noted that, in the early days of her career, one of the doctors insisted that all the technicians should 'know their place'. This desire for clear demarcation between scientists and technicians was echoed in Gill's story about the colour of lab coats:
Well, when I went there . . . scientific staff wore white lab coats. . . . And we [women] wore them then: it wasn't this business today of just slipping them on when the Safety Committee comes round. Scientific staff wore white lab coats; technical staff wore brown lab coats; and I can't remember what the maintenance staff wore-I think they might have worn brown or navy blue; but they certainly wore . . . something other than white. And when I got there, female technical staff were just being allowed to wear white lab coats. And what the male technical staff used to do was they used to have their lab coats laundered-the brown ones-laundered, and laundered, and laundered . . . till they got pale coffee-coloured [laughs], so they didn't-we couldn't distinguish between [a] dirty member of the scientific staff and a clean member of the technical staff. So it was very difficult: you never really quite knew. 32 Gill's tale of over-laundered lab coats shows how the technical staff, both male and female, sought to assert themselves and to take their place within the struggle for credit and recognition of their contribution to the lab. It further suggests that the scientists also felt that the technicians' role as producers of science was not nearly as clearcut as they would have liked-hence the reason to make an obvious visual difference between the members of staff. Other dress codes were imposed on staff, both male and female: jackets and ties for the men, and skirts or dresses for the women; it was not until the 1970s that some of the women at the NIMR felt confident enough to wear trousers regularly to work.
CONCLUSIONS
The role of the technician is a vital, yet often invisible, part of not only the production of science, but also the history of science. By bringing out the voices of women laboratory White coats and no trousers technicians, these oral histories illustrate that women were important parts of the labs in which they worked as well as important contributors to the production of science. Although these women may have initially been hired on the basis of their 'innate' abilities, their narratives show that they came to be skilled operators of the equipment that produced the data used by the professional scientists. 33 In many of these recollections, the work performed by technicians was more than simply manual labour. These women used their skills as well as their knowledge to develop and improve their experiments within the laboratories. In this sense, the work of the technicians and that of the scientists were similar; as was shown though several examples, the lack of distinct divisions between the work produced by senior staff and technicians necessitated reinforcing the technician -scientist distinction through visible means such as the colour of the lab coat, and invitations to social events. The stories also reflect the difference between the various laboratory cultures as well as the period in which each woman was working. Generally the seniority of the women and the amount of credit that they were given for their work increased over time. This trend towards 'equality' emerged slowly within work environments more generally.
The lack of acknowledgement of the physical work of technicians obfuscates their contributions. Further, the association of women's work with that of craft and physical skill, rather than intellectual ability, demonstrates that the women's potential contributions to the work of scientists who hired them were not acknowledged from the very beginning of their jobs. Through perseverance and 'making oneself indispensable', several women were able to subvert the hierarchies then in place within the labs. This paper has contributed to the discussion of laboratory technicians, and has specifically brought out the voices of female laboratory technicians. In doing so, it is hoped that women laboratory technicians' work will no longer remain 'hidden' and that their contributions and expertise within this male-dominated field will be acknowledged as part of the production of scientific knowledge.
